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Assistant Commissioner for Patents 
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1. Applicant herewith submits to the United States Elected Office (EO/US) the following 
items under 35 U.S.C. Section 371 : 

a. This express request to immediately begin national examination procedures (35 

U.S.C. Section 371(f)). 

b. The U.S. National Fee (35 U.S.C. Section 371(c)(1)) and other fees (37 C.F.R. 

Section 1 .492) as indicated below: 
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this date f ^J ( 
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CERTIFICATION UNDER 37 CF.R. SECTION 1.10* 

Si. 



paper, along with any document referred to, is being deposited with the United States Postal Service on ^ 
, in an envelope as "Express Mail Post Office to Xfelressce," inailing Label N u mbe ^^l^^^ jjfa^^ / ly--^ 



to^ the: Assistant Commissioner for Patents, Washington, D.C. 2023 1 




Collene Houston 
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CLAIMS 
FEE* 


(l)FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALC- 
ULATIONS 




TOTAL, 
CLAIMS 


15 -20 = 


0 


X $18.00- 


$0.00 




INDEPEN- 
DENT 
CLAIMS 


1 -3 = 


0 


X $84.00 = 


$0.00 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $280.00 


4)VJ.UO 


BASIC FEE 


U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 

EXAMINATION AUTHORITY 
Where no international preliminaiy examination fee as set forth in Section 
1 .482 has been paid to the U.S. PTO, and payment of an international 
search fee as set forth in Section 1. 445(a)(2) to the U.S. PTO: 

has not been paid (37 CF.R. Section 1.492(a)(3)) 

$1,040.00 






Total of above Calculations 


= $1,040.00 


SMALL 
ENTITY 


Reduction by 1/2 for filing by small entity, if applicable. AiTidavit must be filed, (note 
37 CFR Sections 1.9, 1.27, 1.28) 


- $520.00 




Subtotal 


$520,00 




Total National Fee 


$520.00 




Fee for recording the enclosed assignment document $40.00 (37 CF.R. Section 
1.21(h)). See attached "ASSIGNMENT COVER SHEET". 


$0.00 


TOTAL 


Total Fees enclosed 


$520.00 



2. Fees 



A check in the amount of $520.00 to cover the above fees is enclosed. 



3. A copy of the hitemational appUcation as filed (35 U.S.C. Section 371(c)(2)) has been 
transmitted by the International Bureau. 

4. A translation of the International application into the English language (35 U.S.C. 
Section 371(c)(2)) is transmitted herewith. 

5. Amendments to the claims of the Intemational application under PCX Article 19 (35 
U.S.C. Section 371(c)(3)) have not been transmitted. Applicant chose not to make amendments 
under PCX Article 19. 

6. A translation of the amendments to the claims under PCX Article 19 (38 U.S.C. Section 
371(c)(3)) has not been transmitted for reasons indicated in section 5. 

7. A copy of the intemational examination report (PCX/IPEA/409) is transmitted herewith. 
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8. Annex(es) to the international preliminary examination report is/are transmitted 
herewith. 

9. An oath or declaration of the inventor (35 U.S.C. Section 371(c)(4)) complying with 35 
U.S.C. Section 115 will follow. 

10. An International Search Report (PCT/ISA/210) or Declaration under PCT Article 
17(2)(a) is transmitted herewith. 

11. An Information Disclosure Statement under 37 C.F.R. Sections 1.97 and 1.98 will be 
transmitted within THREE MONTHS of the date of submission of requirements under 35 
U.S.C. Section 371(c). 

1 2 . Additional documents : 

a. Copy of request (PCT/RO/101) 

b. Intemational Publication No. WOOO/77220 with Specification, claims and drawing 

c. Preliminary Amendment deleting multiple dependencies 

13. The above items are being transmitted before 30 months firom any claimed priority date. 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

The Commissioner is hereby authorized to charge the following additional fees that may 
be required by this paper and during the entire pendency of this application to Account No.: 
500341 

37 C.F.R. Section 1.492(a)(1), (2), (3), and (4) (filing fees) 

37 C.F.R. Section 1 .492(b), (c), and (d) (presentation of extra claims) 

37 C.F.R. Section 1.17 (application processing fees) 

37 C.F.R. Section 1.17(a)(l)-(5) (extension fees pursuant to Section 1.136(a)) 
37 C.F.R. Section 1.492(e) and (f) (surcharge fees for filing the declaration 
and/or filing an English translation of an Intemational Application later than 20 
months afl:er the priority date). 





Robert 1 

I^e Ts[o * 33 880 Fish i 

TeL No r 714-449-2337 ^"^^ R Harbor Blvd. 

Customer No.: 24392 no^a^ 

FuUerton, CA 92835 



Date: /?- 7)e^ ^<s=>^ J 

Robert D. Fish 

Fish & Associates, LLP 
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Rec'd PCT/PTO_ JL9_APR200Z 



Practitioner's Docket No. 806.01-USl 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: ActinoDrug Pharmaceuticals GmbH; Keller, Ullrich; Schauwecker, Florian 



For: Method of Modifymg Peptide Synthetases such That They can N-Methylate their Substrates 



Box PCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 
Attention: EO/US 

SUBMISSION OF "SEQUENCE LISTING," COMPUTER READABLE COPY, 
AND/OR AMENDMENT PERTAINING THERETO 
FOR BIOTECHNOLOGY INVENTION CONTAINING NUCLEOTIDE 
AND/OR AMINO ACID SEQUENCE 

1. This replies to the Office Letter DATED March 19; 2002. 

A copy of the Office Letter is enclosed. 



3 . Submitted herewith is/are: 

A copy of each "Sequence Listing" submitted for this application in computer readable form; in 
accordance with the requirements of 37 CF.R. sections 1 .821(e) and 1 .824. 

Because this submission is made in fulfilling the requirement under 37 CF.R. section 1.821(g), a 
statement that the submission includes no new matter. 

Also on the diskette is a copy of the sequence listing as originally filed in the corresponding PCT 
Application Number PCT/DEOO/1950. 



Application No.: 10/018,113 
Filed: 12/14/01 



Group No.: To be determined 
Examiner: To be determined 



IDENTIFICATION OF PERSON MAKING STATEMENT 
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I, Martin Fessenmaier, state the following: 



ITEMS BEING SUBMITTED 



V 
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STATEMENT THAT "SEQUENCE LISTING" 
AND COMPUTER READABLE COPY ARE THE SAME 
AND/OR THAT PAPERS SUBMITTED INCLUDES NO NEW MATTER 

4. I hereby state: 

Each computer readable form submitted in this apphcation, including those forms requested to be 
transferred from applicant's other application, is the same as the "Sequence Listing" to which it is 
indicated to relate. 

All papers accompanying this submission, or for which a request for transfer from applicants' other 
application, introduce no new matter. 

STATUS 

5. Applicant is a small entity. A statement was already filed. 

EXTENSION OF TERM 

6. The proceedings herein are for a patent application and the provisions of 37 C.F.R. section 1.136 

apply. Applicant believes that no extension of term is required. However, this conditional 
petition is being made to provide for the possibility that applicant has inadvertently 
overlooked the need for a petition for extension of time. 

If any additional extension and/or fee is required, charge Account No. 500341. 



Date: 



SIGNATURE(s) 




Martin Fessenmaier 

Rutan & Tucker LLP 

61 1 Anton Blvd., Suite 1400 

Costa Mesa, CA 92626 

(714) 641-5100 

(714) 546-9035 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
WASHINGTON, D.C. 20231 



Inventor: Ullrich Keller & Florian Schauwecker 



Examiner: 



Art Unit: 



Serial No: US national phase of PCT/DEOO/01950 
Filed: June 15, 2000 

For: Method of Modifying Peptide Synthetases 
Such That They Can N-Methylate Their 
Substrate Amino Acids 



The Honorable Commissioner 
of Patents and Trademarks 
Washington, D.C. 20231 

Dear Sir: 

Please enter the following as a preliminary amendment. 
IN THE CLAIMS 

4. (Amended) Method according to claim 1, wherein the DNA fragment encoding for a 
domain with N-methyltransferase activity is cloned between the DNA regions encodmg for 
the adenylation domain and for the ACP-domain of the PPS activation domain without 
N-methyltransferase activity by means of a single fusion site. 

5. (Amended) Method according to claim 1, wherein the DNA fragment encoding for a 
domain with N-methyltransferase activity is cloned by means of two fusion sites. 

6. (Amended) Method according to claim 4, wherein a DNA fragment encoding for a domain 
with N-methyltransferase activity is additionally encoding for an ACP-domain, an 
activation domain or a condensation domain. 



PRELIMINARY AMENDMENT 



1 



PRELIMINARY AMENDMENT.DOC 



Patent 
_806:.01-US1 



7. (Amended) DNA, obtainable according to the method of claim 1. 

9. (Amended) Method for the manufacture of a PPS with N-methyltransferase activity, 
wherein the DNA obtained according to the method of claim 2 encoding for a PPS with 
N-methyltransferase activity is expressed. 

11. (Amended) PPS with N-methyltransferase activity, obtainable according to the method of 
claim 9. 

REMARKS 

The requested changes merely remove multiple dependencies. 



Attomeys for Applicant(s) 
1440 N. Harbor Blvd, Suite 706 
Fullerton, CA 92385 
Tel.: (714) 449-2337 
Fax: (714) 449-2339 



Respectfully submitted. 
Fish & Associates, LLP 





Robert D. Fish 
Reg. No. 33,880 
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PRELIMINARY AMENDMENT.DOC 
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Patent 
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VERSIONS WITH MARKING TO SHOW CHANGES MADE 
In the Claims 

4. (Amended) Method according to «iy-ef claims 1-3-, wherein the DNA fragment encoding 
for a domain with N-methyltransferase activity is cloned between the DNA regions 
encoding for the adenylation domain and for the ACP-domain of the PPS activation 
domain without N-methyltransferase activity by means of a single fusion site. 

5. (Amended) Method according to any of claims 1-3^, wherein the DNA fragment encoding 
for a domain with N-methyltransferase activity is cloned by means of two fusion sites. 

6. (Amended) Method according to any of claims 4 or 5 , wherein a DNA fragment encoding 
for a domain with N-methyltransferase activity is additionally encoding for an ACP- 
domain, an activation domain or a condensation domain. 

7. (Amended) DNA, obtainable according to the method of miy-ef claims 1-6,. 

9. (Amended) Method for the manufacture of a PPS with N-methyltransferase activity, 
wherein the DNA obtained according to the method of afiy-ef claims 2-6, encoding for a 
PPS with N-methyltransferase activity is expressed. 

1 1 . (Amended) PPS with N-methyltransferase activity, obtainable according to the method of 
any of claims 9^-0. 
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Method of mQdifYin_g j^eptide^ svnthR t-.a.q^.c! such that they can N- 
methylate their substrate amino acids 

Description 

5 

The invention relates to the modification of peptide 
synthetases (PPS) such that they can N-methylate their 
substrate amino acids. This is achieved by a specific 
modification or replacement of the functional subunits 
10 (activation domains) of these enzymes . 

Peptide synthetases (PPS) are enzymes which synthesize 
peptides by a non-ribosomal mechanism. The peptides 

synthesized by the PPS (or derivatives thereof) are often of 
15 pharmaceutical interest, e.g. penicillines , vancomycin, 
cephalosporin, pristinamycin or actinomycin D. The PPS have a 
modular set-up. Each module of a PPS recognizes, activates 
and binds one amino acid. Some PPS modules also accept 
unusual (non-proteinogenic) amino acids as substrates, e.g. 
alpha-aminoadipinic acid (in penicillin) or phenylglycine (in 
pristinamycin) . The synthesis of a peptide catalyzed by the 
PPS takes place by the enzyme-catalyzed condensation of the 
amino acids bound to the modules. This condensation is 
directed, namely in such a way that the substrate amino acid 
bound to the first module of the PPS (referred to the N- 
terminus of the PPS) forms the start (N-terminus) of the 
- synthesized peptide. Thus, the number and order of modules 
within a PPS determine the length and the sequence of the 
synthesized peptide (Kleinkauf, H., von Dohren, H. (1990) 
30 Eur. J. Biochem. 192:1-15). This is of fundamental importance 
because the structure of a product obtained after a 
replacement, insertion or deletion of PPS modules by genetic 
engineering can be predicted. 



All known PPS modules share the feature that they are 
composed of at least three functional domains (Figure lA) , 
These three domains are (1) the adenylation domain, necessary 
for the recognition and adenylation of the substrate amino 
acid, and (2) the ACP domain, necessary for the covalent 
binding of the adenylated amino acid as thioester, and (3) 
the condensation domain, necessary for condensation of all 
PPS bound amino acids to the synthesized peptide (Stachelhaus 
et ai. (1995) FEMS Microbiol. Lett. 125:3-14). Together, the 
adenylation domain and ACP domain are also described as 
activation domain (Figure lA) because together they enable 
recognition and covalent binding of the substrate amino acid 
as a reactive thioester. A special group is formed by those 
activation domains which are also able to N-methylate their 
substrate amino acids after the covalent binding. With PPS 
having such activation domains, hence the peptide formed by 
the subsequent condensation also contains N-methylated amino 
acids. However, the number of presently known or cloned genes 
encoding for activation domains with N-methyltransf erase 
activity is substantially lower than the number of activation 
domains without N-methyltransf erase activity (more than 80 
domains). Moreover, many of the domains with N- 
methyltransferase activity have a comparable substrate 
activity, e.g. for the amino acid in the modules of the 
actinomycin synthetase II from Streptomyces chrysomallus 
(Schauwecker et al. (1998) J. Bacterid. 180:24 68-2474), of 
the cyclosporine synthetase from Tolypocladium niveum (Weber 
et al. (1994) Cur. Genet. 26:120-125) and of the enniatin 
synthetase from Fusarium scirpi (Haese et ai. (1993) Mol. 
Microbiol . 7 : 905-914 ) . 



The invention described hereinafter is important because it 
also allows the conversion of activation domains without N- 
methyltransferase activity into activation domains with N- 
methyltransf erase activity without altering the original 
amino acid substrate specificity. Thus, for each specificity 
of a given PPS module, a corresponding module derivative with 
additional N-methyltransf erase activity can be provided. 
These derivatives can then be used to construct novel or 
modified PPS by means of which the peptide synthesized by the 
PPS is N-methylated at the desired peptide bonds. This allows 
the synthesis of novel peptides with potentially new 
pharmacological properties. Many of the already known 
pharmacologically active peptides or peptide derivatives 
contain N-methylated amino acids, e.g. cyclosporine . In 
contrast to the invention, selective N-methylation of 
particular nitrogen atoms within the peptide bonds of 
polypeptides is only hard to accomplish or can even not be 
achieved by chemical methods. 



The invention is based on the finding that all activation 
domains with N-methyltransf erase activity harbor an 
additional domain which is localized between the adenylation 
and ACP domain (Figure IB) . This additional domain, 
designated N-methyltransf erase domain hereinafter, mediates 
N-methylation of the bound substrate amino acid. The 
invention comprises methods for the conversion of activation 
domains without N-methyltransf erase activity into activation 
domains with N-methyltransf erase activity and the use thereof 
for reconstructing PPS for the synthesis of N-methylated 
amino acids and peptides. There are two basic approaches by 
which activation domains without N-methyltransf erase activity 
of a PPS can be converted into activation domains with N- 
methyltransf erase activity: 
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(1) Replacing a complete module or the complete activation 
domain of a PPS. This method is described in Example 2. 

(2) Inserting a N-methyltransf erase domain as a functional 
unit into an activation domain. For example, the N- 

5 methyltransf erase domain can directly be inserted between the 
adenylation domain and ACP domain of the activation domain 
which is to be converted (Figure 2A) . Two adjacent fusion 
sites can also be used for the insertion- In this case, the 
part between those fusion sites of the activation domain 

10 which is to be converted will be deleted and replaced by 
corresponding parts which will be inserted together with the 
N-methyltransf erase domain (Figure 2B) . This method is 
described in Example 3. If two fusion sites are used, the N- 
methyltransf erase domain can also be inserted after the 

15 activation domain as an elongated unit with a tailing ACP 
domain (or parts thereof) leading to the replacement of the 
original ACP domain by the inserted ACP domain (or parts 
thereof) (Figure 2C and 2D). However, the substrate 
specificity of the converted activation domain is retained 

20 for each of the insertion approaches since the insertion does 
not alter the adenylation domain (recognition and adenylation 
of the substrate amino acid) . 

Suitable insertion sites for inserting a N-methyltransf erase 
25 domain into an activation domain are determined • by the 
transition between the adenylation domain and ACP domain. 
These result from the sequence comparison between activation 
domains with N-methyltransf erase domain and activation 
domains without N-methyltransf erase domain (Figure 3) . The N- 
30 methyltransf erase domains are located as insertions about 45 
amino acids after (C-terminal) the adenylation domain 
consensus sequence QVKIRG (F/H/Y) RIE (L/I) GEIE, known as "core 
motif 5" (Turgay et al. (1992) Mol . Microbiol. 6:529-546), 
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and immediately N-terminal to the consensus sequence 

(Q/E/D) (I/V) REx (V/L) xxxLPXYM (V/I) P. 

All of the above described methods for converting an 
5 activation domain without N-methyltransf erase activity into 
an activation domains with N-methyltransf erase activity or 
the use thereof for constructing novel PPS comprise a 
specific alteration and combination of the corresponding DNA 
regions of peptide synthetase genes. This is done by 

10 inserting the DNA region, which encodes for the N- 
methyltransf erase domain of any activation domain with. N~ 
methyltransf erase activity, into the DNA segment encoding for 
the activation domain which is to be converted. The DNA must 
to be inserted such that a continuous reading frame is 

15 obtained after insertion and that the encoded N-- 
methyltransf erase domain becomes an integral part of the 
encoded activation domain. For this, the DNA fragment of a 
PPS gene for example, which completely or partially encodes 
for the activation domain which is to be converted, or parts 

20 thereof, may be cloned in plasmids. All standard techniques 
of molecular biology, e.g. the polymerase chain reaction 
(PGR) may be used for cloning and modifying of DNA. Cloning 
and DNA manipulations may be carried out in all plasmids and 
organisms suitable for these purposes, e.g. pUC plasmids and 

25 E- coli. Restriction sites may be used for cloning and 
modifying of DNA which are already present or which may be 
generated by PGR for example. Such methods are described in 
Example 1 and comprise the introduction of a restriction site 
into the actinomycin synthetase II gene which is used for the 

30 subsequent module replacement. 

New PPS genes can be constructed by inserting a DNA fragment 
encoding for the N-methyltransf erase domain into a PPS gene 



segment. Expression of a novel PPS gene can be carried out 
using plasmids and may result in the synthesis of new 
products. This is described in Example 4 and comprises the 
expression of a recombinant PPS gene after a corresponding 
plasmid has been transformed into Streptomyces llvidans and 
the verification of the catalytic activity of the PPS encoded 
by the PPS gene, DNA fragments may also be used to introduce 
PPS genes into the genome of organisms or to modify PPS genes 
already present in the genome as it was shown for example for 
the surfactin synthetase gene of Bacillus subtllis 
(Stachelhaus et al. (1995) Science 269 (5220) : 69-72) . 
Therefore, modules with N-methyltransf erase activity can also 
be introduced into genomic PPS genes and which may result in 
the formation of novel, N-methylated peptides. 

Examples 

The method according to the present invention is described 
with the help of Examples in more detail hereinafter. 

The plasmids used for the realization of the Examples (pSP72, 
pBlueScript, PIJ702, pSPIJ004 and pACMS) are schematically 
shown in Figure 4 and further explained in Table 1. 

DNA sequences of the oligonucleotides used for PGR are listed 
in Table 2. Sizes of PGR fragments as given in the Examples 
correspond to PGR fragments which have been obtained after 
digestion with the restriction enzymes indicated in the 
Examples. Additional restriction sites in the 

oligonucleotides were used to clone the PGR fragments into E. 
coli standard plasmids first before carrying on with the 
cloning steps described as in the Examples. 



The DNA sequence of the actinomycin synthetase II gene {acmB) 
has the "GenBank" data base entry AF047717. The DNA sequence 
of a 3849 bp BamHI fragment, derived from the actinomycin 
synthetase III gene (acmC) , is attached to the examples 
5 hereinafter. 

Example 1 Introduction of a restriction site into the 

actinomycin synthetase II gene in order to enable 
the replacement of an activation domain. 

10 

The actinomycin synthetase II (ACMS II) from Streptomyces 
chrysomallus possesses two modules without N- 

methyltransf erase activity of which module 1 and 2 are 
activating threonine and valine, respectively. In order to be 

15 able to replace the activation domain of module 2, a EcoRV 
restriction site was introduced by mutagenesis into the ACMS 
II gene {acmB) . This £:coRV restriction site and a Clal 
restriction site which are already present in the gene allow 
to replace the region which encodes for the activation domain 

20 of module 2 by any given Clal-EcoRV fragment. The replacement 
comprises numerous cloning steps which will be formally 
described first and thereafter in more detail. 

1. Formal summary of the cloning strategy 

25 Plasmid pACM5 was used to generate a EcoRV restriction site 
within the ACMS II gene {acmB) (Figure 4; Schauwecker et al. 
(1998) J. Bacterid., 180:2468-2474). Plasmid pACM5 (Figure 
4) harbors the gene acmB following a constitutive 
Streptomyces promoter {melP) and is a derivative of the 

30 Streptomyces plasmid pIJ702. An EcoRV restriction site was 
introduced by PCR mutagenesis and corresponding cloning steps 
into the gene acmB after the phosphopantetheine binding site 
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encoding region (in module 2) at base pair (bp) position 
(pos,) 6251. 

V R D V P E 
acmB wildtype (bp 6244-6262) : 5'- qtccq qgacgtc ttcgag 

(bp pos. 6251) 

V R D I F E 
acmB mutagenizGd (bp 6244-6262) : 5 - gtccg ggatatc ttcgag 

EcoRV 
(bp pos. 6251) 

2, Detailed description of the individual cloning steps 
First, a 4923 bp Pstl-Cial fragment, comprising the mel 
prqmotor and most of the 5 '-located region of acmB (down to 
the Cial restriction site at bp pos. 4519 in acmB), was 
isolated from pACM5 and cloned into £. coli plasmid pSP72 (A 
in Figure 5). Then, part of the adjacent 3 '-region of acmB 
(starting from the Cial restriction site at bp pos. 4519) was 
amplified by PGR using the oligonucleotides prim-A and prim-B 
(PGR fragment 1 in Figure 5) and was inserted as 1737 bp 
Cial-EcoRV fragment (B in Figure 5) . Primer prlm-B introduces 
an EcoRV restriction site corresponding to bp pos. 6251 in 
acmB. The assembled fragments were then isolated as a 
complete Pstl-EcoRV fragment and cloned into pBlueScript (C 
in Figure 5). The assembled 5'-region of acmB can then be 
isolated as Ba/nHI-EcoRV fragment therefrom for subsequent 
cloning. The still missing 3 '-region of acmB was amplified 
using primer prim-C and prim-D (PGR fragment 2 in Figure 5) 
and was cloned as 2583 bp EcoRV-BamHl fragment into pSP72 (D 
in Figure 5) . The resultant plasmid was digested with Bgill 
and EcoRV and the 5 '-region of acmB (isolated as BamHl-EcoRV 
fragment as described above) was inserted. This results in 
plasmid pAGMOO-A (Figure 5) which harbors the completely 
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assembled gene acmB having an EcoRV restriction site 
introduced at bp pos. 6251. 



The replacement of a complete activation domain was performed 
10 within the actinomycin synthetase II (ACMS II) from 
Streptomyces chrysomallus , The activation domain of module 2 
was replaced by an activation domain with N-methyltransf erase 
activity. The activation domain with N-methyltransf erase 
activity which was used for the replacement was derived from 
15 the actinomycin synthetase III (ACMS III) and is equally 
specific for valine- The replacement comprises numerous 
cloning steps which will be formally described first and then 
in more detail. 

2 0 1, Formal summary of the cloning strategy 

The region between a Clal restriction site in acmB at bp pos. 
4519 and an EcoRV restriction site introduced at bp pos. 6251 
(in plasmid pACMOO-A from Example 1), which is encoding for 
the second activation domain of ACMS II, was deleted and 

25 replaced by a PCR generated 2961 bp Clal-EcoRV fragment, 
which is encoding for an ACMS III activation domain with N- 
methyltransf erase activity having specificity for valine. The 
regions at the fusion sites (Clal and EcoRV) encode for 
segments which are conserved in both PPS and located N- and 

30 C-terminal towards the activation domains. Insertion of the 
PCR generated Clal-EcoRI fragment into the modified gene acmB 
results again in a continuous reading frame encoding a 
recombinant ACMS II. 



Example 2 



Replacement of a complete activation domain 



5 



without N-methyltransf erase activity by a 
activation domain with N-methyltransf erase 
activity within a PPS. 



10 



modified 

ACMS II 

{in plasmxd pACMOO-A) 



S R I D V L T 
aqrccg tatcgat gtcctcacc . 
Clal 
(bp pos. 4591) 



S V R D X F E 
. tccqtccgg gacqtc ttcgag 
EcoRV 
(bp pos. 6251) 



activation doxnaxn V L T G L R ^ 

of ACMS III atcgat GTCCTCACC GGCCTGCGC gatatc 

(2961 bp PCR-fragment) Clal EcoRV 



recombinant 
ACMS 1 1 

(in plasmld pAC3400-B) 



S R I D V L T 
agccgt atcgat GTCCTCACC . 
Clal 
(bp pos. 4591) 



G L R D I F E 
. GGCCTGCGC gatatc ttcgag 
EcoRV 
(bp pes. 7480) 



The gene of the recombinant ACMS II (in plasmid pACMOO-B, 
Figure 7) was transformed into Streptomyces liv^ldans and the 
catalytic activity of the introduced activation domain was 
verified after expression of the PPS gene as described in 
Example 4 . 

2, Detailed description of the individual cloning steps 
A 2967 bp CiaI-£coRV fragment of a 384 9 bp BamWl. fragment 
derived from the ACMS III gene {acmC, sequence is attached) , 
which encodes for a valine activation domain with N- 
methyltransf erase activity, was amplified by PCR using the 
oligonucleotides prim-E and prijn-F (PCR fragment 4 in Figure 
6) . This Cial-EcoRV fragment was cloned into the plasmid 
pACMOO-A (from Example 1), whereby the Cial-EcoRV fragment 
originally present in pACMOO-A was replaced. The resulting 
plasmid was digested with BamRl and Hindlll and the 
Streptomyces part from pSPIJ004 (Figure 4) was inserted as a 
5130 bp Sglll-Hindlll fragment. This generates the plasmid 
pACMOO-B (Figure 7) which can be transformed and selected in 
both E. coli and Streptomyces. 



i 'vm\ i e .i .j„ 3 o ^-1 '^-^ 
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Example 3 



Conversion of an activation domain without N- 



methyltransf erase activity into an activation 
domain with N-methyltransf erase activity and 
introducing said converted activation domain into 



5 



a PPS. 



An additional N-methyltransf erase domain was inserted into 
the valine activation domain of module 2 of ACMS II between 
the adenylation domain and the ACP domain. Thereby, the 
10 activation domain of ACMS II is provided with an additional 



methyltransf erase domain is derived from module 3 of the ACMS 

III. The replacement comprises numerous cloning steps which 

will be formally described first and thereafter in more 
15 detail. 

1, Formal summary of the cloning strategy 

First, two SnaBl restriction sites were introduced by PGR 
mutagenesis at bp pos . 5899 and bp pos. 5932 in gene acniB for 

20 the intended insertion of a N-methyltransf erase domain. The 
region of 33 bp length between the two SnaBl restriction 
sites was then deleted and replaced by an 12 63 bp EcoRV-EcoRV 
fragment encoding the above-mentioned N-methyltransf erase 
domain of ACMS III. The ligation of the SnaBl ends with the 

25 EcoRV ends results in the formation of a DNA sequence which 
is no longer cleavable by both restriction enzymes. A new 
reading frame, encoding for a recombinant ACMS II, is 
obtained after inserting the EcoRV-EcoRV fragment for one of 
the possible two orientations . 



N-methyltransf erase 



activity . 



The 



inserted 



N- 



30 
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RLVAYVVADGGTAPDGLREAL 
ACMS II . . cqcctcgtcgcc tacgtc gtcqcggacggcggaacggccccggac ggtctg cgcgaggccctc 

(bp pos. 5899) (bp pos . 5932) 



modxfxed RLVAY VREAL 

ACMS II . . cgcctcgtcgcc tacgta gtcgcggacggcggaacggccccggac tacgta cgcgaggccctc 

SnaBX SnaBI 
10 (bp pos. 5899) (bp pos. 5932) 



N-methyXtransferase domaxn IVAD LLTD 

15 of ACMS III gatATC GTCGCGGAC CTGCTCACC GATatc 

(1263 bp PCR-fragment) EcoRV EcoRV 



2 0 recombinant RLVAYIVAD LLTDVREAL 

ACMS II . . cgcctcgtcgcctacATCGTCGCGGAC CTGCTCACC GATgta cgcgaggccctc . . 

(in plasmid pACMOO-C) (bp pos. 5899) (bp pos. 7156) 

The gene of the recombinant ACMS II (in plasmid pACMOO-C, 
25 Figure 7) was transformed into StrGptomyces livldans and the 
newly introduced N-methyltransf erase activity of the 
recombinant PPS was verified as described in Example 4. 



2, Detailed description of the individual cloning steps 
30 In order to introduce the 5naBI restriction sites, the region 
of the gene acmB from bp pos. 4591 to 5899 as well as the 
region from bp pos. 5932 to 6251 were amplified by PCR using 
the oligonucleotides prim-G and prim-R (PCR fragment 1 in 
Figure 6) and prim-I and prim-J (PCR fragment 2 in Figure 6) , 
35 respectively- Thereafter, the PCR fragment 2 was cloned as 
330 bp HindIII-£:coRV fragment into pBlueScript first and the 
PCR fragment 1 was then inserted as 1386 bp Cial-SiiaBI 
fragment. This results in a DNA fragment which encodes for 
the almost complete activation domain of module 2 of the ACMS 
40 II and in which a 5naBI restriction site was introduced (A in 



J..CW j j„iB .1. .1. 3 „ o^H-e g O £!: 
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Figure 6) . A 12 63 bp EcoRV-EcoRV fragment (PGR fragment 3 in 
Figure 6) , which was amplified from a 384 9 bp BamHl fragment 
derived from the ACMS III gene {acmC, sequence is attached) 
by PGR using the oligonucleotides prim-K and prim-L, was then 
5 inserted in that SnaBI restriction site. The orientation of 
the inserted EcoRV-EcoRV fragment which is encoding for the 
N-methyltransf erase domain of ACMS III was verified by DNA 
sequencing- Because of the fusion of the EcoRV ends with the 
SnaBI ends, the assembled activation domain could then 

10 completely be isolated as a 2961 bp Clal-EcoRV fragment which 
was cloned into plasmid pACMOO-A (from Example 1) and 
thereby, the CiaI-£;coRV fragment originally present in 
pACMOO-A was replaced. The resulting plasmid was digested 
with BamRl and Hindi I I and the Streptomyces part derived from 

15 plasmid pSPIJ004 (Figure 4) was inserted as a 5130 bp Bglll- 
HlndlU fragment. This generates the plasmid pACMOO-C (Figure 
7) which can be transformed and selected in both E. coll and 
StreptomycQs . 

2 0 Example 4 Expression of recombinant PPS with introduced N- 

methyltransf erase domain and In \/itro analysis of 
their N-methyltransf erase activity , 

For the expression of the PPS genes which were constructed 
25 according to Examples 2 and 3, the plasmids pAGMGO-B and 
pAGMOO-C (Figure 1), which are described there, were 
transformed into Streptomyces livldans (strain TK64). 
Transformation as well as microbiological cultivation of 
Streptomyces were performed according to standard protocols 
30 (Hopwood et al. (1985) Genetic manipulation of Streptomyces, 
A laboratory manual. The John Innes Foundation, Norwich, 
England) . Plasmid-encoded PPS were purified from stationary 
growing transf ormants (after 3-days-growth) obtained from 1 



X O' oi :i e :i. ,1. .3 O'^f e 
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liter of YEME. The purification of PPS up to a stage 
necessary for enzymatic analysis is essentially based on a 
protocol previously described in detail (Schauwecker et al. 
(1998) J- Bacteriol- 180:2468-2474) and is therefore 
5 described only schematically: 

Proteins were released from cells by mechanic cell disrupture 
(French press). Simultaneously released genomic DNA was 
digested with DNAsel to obtain a fluid suspension. Cell 
fragments were removed by centrif ugation and proteins were 

10 then precipitated by addition of ammonium sulfate up to a 
final concentration of 55%. Precipitated proteins were size- 
fractionated by exclusion chromatography (column matrix: 
Ultrogel-AcA-34 from Biosepra) . Protein fractions with 
protein having a size larger than 200 kDa were pooled and 

15 further purified on an anion exchanger (column matrix: Q- 
Sepharose FF from Pharmacia) . Proteins bound on the anion 
exchanger were release from the anion exchanger by 
continuously adding NaCl . The PPS which were constructed 
according to Examples 2 and 3 eluted in a range between 150 

20 to 250 mM NaCl . PPS partially purified according to this 
protocol can then be further analyzed, for example according 
to the protocols as given below: 

Example protocol as to how to verify the specific recognition 
2 5 and binding of amino acids by a PPS in vitroi 

Mix 100 ]il of a partially purified PPS with 3 pi of ^'Re- 
labelled substrate amino acid (100 pCi/ml) , 2 \xl MgCl2 (1 M) 
and 15 yl ATP (0.1 M) and incubate for 30 minutes at 30 °C. 
30 Precipitate the PPS by adding 2 ml of 7% trichloracetic acid 
(TCA) , wash with 10 ml 5% TCA and quantify the amount of 
substrate amino acid bound to the enzyme by measuring the 
radioactivity. 



15 

Example protocol as to how to verify the N-methylat ion of 
substrate amino acids catalyzed by a PPS In \/itroi 

5 To verify the N-methylation activity, incubate the PPS with 
^^C-labelled substrate amino as described above but 
complement the incubation mix by adding 3 pi of 0.1 M S- 
adenosyl methionine (SAM) as a donor of the methyl group 
which is to be transferred to the amino acid. After TCA 

10 precipitation, wash the PPS with 4 ml of 5% TCA (two 
portions), then wash with 2 ml ethanol and dry at 37 °C. Add 
300 lal performic acid and incubate for 6 hours at 20 °C to 
release the substrate amino acid bound as thioester. Then 
vacuum dry the mixture. Dissolve the amino acid by adding 40 

15 pi formic acid and verify the conversion into the N- 
methylated form, e.g. by chromatographic methods. For 
example, the conversion of valine into N-methyl valine can be 
shown as follows: Chromatograph 20 pi of the { ^''c-labelled) 
amino acid released from the PPS in parallel to 5 pi of the 

20 corresponding references (0.1 M valine and 0.5 M N-methyl 
valine) on a silica 60 thin-layer chromatography plate 
(Merck) using the solvent system n-butanol : acetic acid : 
water (volume 80:20:20). Visualize the amino acids by a 
ninhydrin reaction and a autoradiogram for the ^^C-labelled 

25 amino acid. 



Example protocol as to how to verify the formation of 
peptides catalyzed by a PPS ±n vitro: 

In general, a peptide can simply be analyzed by acidic 
hydrolysis followed by the determination of the individual 
amino acid components. This applies especially to peptides 
which are formed by PPS since the amino acid sequence of the 
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synthesized peptide is already known from the module 
arrangement. Because of the use of "'"'^C-labelled amino acids^ 
the analysis of the in vitro formed peptide can be performed 
as follows: Incubate 100 lal of partially purified PPS with 
5 each of the PPS substrate amino acids (2 mM each) , SAM (2 
mM) , ATP (10 mM) and MgCl2 (20 mM) in a total volume of 150 
pi for 25 minutes at 30 °C. If necessary^ the mixture may 
contain further enzymes which are co-acting with the PPS 
which is intended to be analyzed (Pfennig et al. (1999) JBC 

10 274:12508:12515). Prepare more than one incubation mixture in 
parallel^ in which the number of the incubation mixtures is 
dependent on the number of modules within the PPS and use the 
^''C-labelled amino acid which corresponds to the module in 
each of the incubation mixtures. Precipitate the PPS in each 

15 of the incubation mixtures with TCA as described above, 
cleave off the synthesized peptide with performic acid, dry 
and dissolve the formed peptide in ethanol / water (volume 
1:1) and verify the peptide by chromatographic methods. For 
example, to verify the threonyl-N-methyl-valine peptide 

20 linkage by the PPS constructed according to Examples 2 and 3 
one can proceed as follows: Chromatograph 20 \il of the 
peptide released from the PPS of each incubation mixture (one 
with ^^C-labelled threonine and one with ^^C-labelled valine) 
on a silica 60 thin-layer chromatography plate (Merck) using 

25 the solvent system n-butanol / acetic acid / water (volume 
80:20:20). Isolate all products formed in both incubation 
mixtures having an identical Rf value by extraction using 
ethanol / water (volume 1:1), vacuum dry and release the 
amino acids from the peptides by acidic hydrolysis (6 N HCl, 

30 110 °C, 20h) . The identification of the released ^^C-labelled 
amino acids is again performed by chromatography on thin- 
layer chromatography plates using the same solvent system. 
This allows to identify the components threonine and N- 



methyl-valine in the formed peptide. Furthermore, a peptide 
reference can directly be compared with the enzymatically 
formed and ^^C-labelled peptide, e.g. by HPLC using a column 
designed for peptide separation like the SuperPac Pep-~5 
column from Pharmacia, if synthesis of the reference peptide 
by chemical means is possible. 
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Tables and Figures 

Table 1 

Starting plasmids used for realizing the Examples 





,okii Sa'nl "'"cfr" 'V 
iq^bjt a t i oni; >S 


fsel-e.G--: 




pSP72 


Promega 


Amp 


commercial cloning vector for 
E. coll 


pBlue- 
Script 


Stratagene 


Amp 


commercial cloning vector for 
E. coll 


pIJ702 


Katz et al. 
(19S3) J, 
Gen . 

Microbiol . 
129 : 2703- 
2714 


Tsr 


Commonly used cloning vector 
for Streptomyces . It harbours 
the melanin (mel) genes melCl 
and melC2 under control of 
their promoter (mel P) . 


PSPIJ004 


own 

development 


7\mp 
Tsr 


The plasmid is a combination 
of pSP72 and pIJ702 and is 
replicable both in E. coll 
and in Streptomyces. For this 
purpose, the Pstl-Bglll 
fragment from pIJ702 was 
cloned into the polylinker of 
pSP72, 


pACMS 


Schauwecker 
et al. (1998) 
J. Bacteriol. 
180 : 2468- 
2474 


Tsr 


The plasmid is a pIJ702 
derivative and harbours the 
actinomycin synthetase II 
gene (acmB) under control of 
the jnei-promotor . 



abbreviations: Tsr = thiostreptone. Amp = ampicillin 
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Table 2 

PGR oligonucleotides used in the Examples 



' 6 1 igon44 c re:#b ide : 


DN A;, '/S eiqii en'e^^ i^ft i on.' ^d^t ; < 1 Ij;-. i 


prim - A 


5 ' - gccggaattccgtatcgatgtcctcaccccggaggaga 
EcoRI Clal 


prim - B 


5 ' - tgcggaattcgaagatatcccggacggagaaaccgat 
EcoRI EcoRV 


prim - C 


5 ' - tctccgtccgggatatcttcgagcagcgcacg 

EcoRV 


prim - D 


5 ' - atggcctgagttgctggatcctggcgatcccga 

BamHI 


prim - E 


5 ' - ctcagccgcatcgatgtcctca 
Clal 


prim - F 


5 ' - cgcctcgaagatatcgcgcaggccca 

I-i C Ox\ V 


prim ~ G 


5 ' - gcaggaattcagccgtatcgatgtcctca 
EcoRI Clal 


prim - H 


5 ' - ttccggaattcgcgactacgtaggcgacga 
EcoRI SnaBI 


prim - I 


5 ' - cQQccaaactttacatacQcaaaaccctccaacaacacct 
Hindlll SnaBI 


prim ~ J 


5 ' - tgcggaattcgaagatatcccggacggagaaaccgat 
EcoRI EcoRV 



.IXJ O .±.S::9. .;:t 3 ... 3. «! G'S 
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Nucleotide sequence of the BamHI fragment from the gene 
acmC used for realizing the Examples 



nucleotide sequence- 



10 



15 



20 



25 



30 



35 



40 



45 



GGATCCACCT 
TCCTCACCCC 
TGCCCGACGC 
CCGCCCTGGT 
ACCTCGCCCA 
TCCAACGCTC 
ACATCCCCCT 
GCACCAAACT 
ACCCCGCCGA 
CCGACGACGC 
TCGCCACCCA 
ACCGCCGCGT 
TCCCCCTCCT 
CCTACCACCG 
TCAACCTCCT 
GCGGCGAGGC 
CCGTGGTCGA 
CCACCCCCTA 
CCTACGTGCT 
TCGCTGGCAG 
TCGTCGCCAA 
GCTGGAACCC 
GCGGCTTCCG 
CCCAGGCCGC 
TCGTCGCGGA 
GGCAGGACCT 
CCGGCTGGAA 
GCGACGCCAC 
TCGGCACG66 
ACCTCTCGCC 
CCCGGCGGGT 
ACTTCGACAC 
CCCAGGTCAT 
ACATCCGCAA 
AGGACCCGGC 
AGGAACTCCT 
CCGGCGTCGA 
ACGACACCAC 
TGGCCTGGCC 
GGCTGCGCGT 
CCCTGGA6TC 
CGGACCTCGA 
GGTCCGCCCA 
GCGCCGTCCC 



GCTCGACACC 
GGA6GA6AGG 
CTCGTTGGCG 
CAGCGACGGC 
CCAGCTCACC 
CCCCGACACC 
CGACAGCCGC 
CCTCATCACC 
CACCCCCCAC 
CGCCTACATC 
CCGGAACATC 
CCTCCTCCAC 
CAACGGCAAC 
CGTCATCACC 
CACCGAGCAG 
CGTCTCCGGC 
CGGCTACGGC 
CACCGGCTCC 
CGACGACAGC 
CGGCCTCGCC 
CCCGTACGCC 
CGACGACCAC 
CATCGAACCC 
CGTCCACCTC 
CACCTCGGCG 
CTACGACTCC 
CAGCA6CTAC 
C6TGGAACGC 
CCTGCTGCTC 
CACC6TGATC 
CACCCT6CGG 
CGTCGTGCTC 
CGAGCAGGCG 
CCCGCGGCTG 
CGACACCGCC 
GGTCGACCCG 
CCTGCGGCTC 
GCTCCACAAG 
GCAGGACGCC 
CACCGGCGCG 
CGGCACCGCC 
GGCACTCCAC 
CCGCCCCGAC 
GGTCGGTACG 



GCCACCGCCC 
AACCGCACGA 
GAGCTGTTCG 
GCCACGCTCA 
ACCCGGGGCA 
GTCACCACCG 
TACCCCGCCG 
GACCACACCA 
GACGGCGAAG 
ATGTACACCA 
ACCGCCCTCG 
TCCCCCACCG 
ACCGTCGTCC 
GACCAGCAGA 
A6CCCGGAGA 
GCCACCGTCA 
CCCACCGAGA 
GCCGTCGTCC 
CTCCAGCCCG 
CGCGGCTACC 
GCACCCG6A6 
CTCGAGTACG 
GGCGAGATCG 
AACCGGGACC 
CCGAGCAGCG 
CTCTACGCGG 
GACGGCC6GC 
ATCCGCGGCC 
6CGAAGCTGG 
GAGGCGCTCT 
GCCGGTGCCG 
AACTCCGTGG 
CTGCGGCTGC 
CTGCGCACCT 
GCCGTGCGGC 
GAGTACTTCA 
AAGTGCGGCG 
GCCGGAATCA 
GAGGCACTCG 
CCCAACTCCC 
CCGGCCGGGC 
CGCCTCGGGG 
ACCGTCGACC 
TACGCCCCGG 



AACCCGAGCA 
TCGTCGAGGT 
AACAACAGGT 
GCTACTCCGA 
TCCGCCCCGG 
TCCTCGCCCT 
ACCGCTACCG 
CGGACCTCGA 
ACCCCGGCAA 
GCGGCTCCAC 
CCCTCGACCC 
CCTTCGACGC 
TCGCCCCCAC 
TCACCGCCCT 
CCTTCACCCG 
CCCGGCTTCA 
CCACCACCTT 
CCATCGGCCG 
TCGCCCCCGG 
TGGACCGCCC 
AAC6CATGTA 
CCGGCCGCGC 
AGAACGTCCT 
AGCCCGGCAA 
ATGTGGACCA 
CCCCCACGGC 
CGATCCCCCT 
TCAACCCGCG 
CCCCCGAGTG 
CCCGGCACGT 
CGCACGAGCA 
TCCAGTACTT 
TGGCCCCCGG 
TCACCACCGC 
GCGCCGTCGA 
CCGCGCTCAC 
CCGCCCACAA 
CCGCGCTCCC 
CCCGGCACGT 
GGATAGCCGC 
CCCC6ACCGG 
AGGACCACGG 
TCACCTTCGT 
CGGCCGCCGG 



GCCCCTCAGC 
CAACCGGACC 
GACCCTCACA 
GCTCAACACG 
CGACGCCGTC 
CGCCAAGACC 
CCTCGTCCTC 
CACCACCACA 
CCCGAACCAC 
CGGCCGCCCC 
CCGCTTCGAC 
CTCCACCTAC 
CGGCGACCTC 
CTGGCTGACC 
6GTCC6GCAG 
GCAGGCATGC 
CGCCACCCAC 
CCCCATGGCC 
CGTCACCGGC 
CGCCCTCACC 
CCGCACC66C 
CGACCACCAG 
CACCGACCAT 
CCCCC6GCTC 
GCAGCACCAG 
CGAGTTCGGC 
CGACCAGATG 
CCGGGTGCTG 
CGAGGAGTAC 
CGACGCCGAC 
CGAGGG6CT6 
CCCGAACGCC 
CGGCGCCGTG 
CGTCCAGACC 
GCAGAGCCTG 
CCACCGCCTC 
CGAGTTGACC 
GCTGTCCGAG 
GGCCGAGGCC 
CGACCTCGCG 
GCCCTACGCC 
GTACTGGACG 
CCGGCGCGGC 
CGACCCGGCG 



CGCATCGAC6 
GAACT6CCGC 
CCCGACGCCC 
CGCGCCAACC 
GCCGTCCTCC 
GGCGCGACCT 
GACGAGACCC 
ACCCAGTTCA 
ACCACCCACC 
AAGGGCGTCA 
CCCACCGCCC 
GAGATCTGGG 
GACGTCCACA 
AGCT6GGTCT 
ATCT6GACCG 
CCCGACACCA 
CACCCCGTCC 
ACCAT6CACA 
GAGCTCTACC 
GCCGAACGCT 
GACCTGGCAC 
GTCAAGGTCC 
CCCGCCGTCG 
GTCGCGTACG 
ATCGGCGAGT 
GAGGACTTCT 
CGG6AGTGGC 
GAGATCGGCG 
TGGGGCACGG 
CCGGAGCTGG 
CCCGTCGGCC 
GACTACCTCG 
TTCATCGGCG 
6CCCGCGCGG 
GTGCTGGAGA 
CCGGACCTCG 
CGCTACCGCT 
GCCGCCGTCC 
CGGCCGGAGC 
GCCCAGCACG 
ACGGAGCAGC 
GCCGTCACCT 
CTGCTCGACG 
ACGCCGCTCA 



numbering of 

base pairs 

0000000060 

0000000120 

0000000180 

0000000240 

0000000300 

0000000360 

0000000420 

0000000480 

0000000540 

0000000600 

0000000660 

0000000720 

0000000780 

0000000840 

0000000900 

0000000960 

0000001020 

0000001080 

0000001140 

0000001200 

0000001260 

0000001320 

0000001380 

0000001440 

0000001500 

0000001560 

0000001620 

0000001680 

0000001740 

0000001800 

0000001860 

0000001920 

0000001980 

0000002040 

0000002100 

0000002160 

0000002220 

0000002280 

0000002340 

0000002400 

0000002460 

0000002520 

0000002580 

0000002640 



CCGCCTTCAC 
GCGAACACGC 
ACCGCCTGCC 
CGGAGCACGC 
TGTTCGCGGA 
GCGGGCACTC 
AACTGGGCCT 
ACCTCGACGA 
GGCCGCCGCT 
TCAAGCACCT 
CGGA6CC6CG 
GCGTGCAGCC 
ATGCCCTGGC 
ATGT6ATCCC 
TGATGCTGCT 
AGCTGACCTT 
TGGAGGA6GA 
TCGACTACCA 
AGGACCCGCC 
ACGTGGTGCC 
GCCGGATCC 



CACCAACCCC 
CGCCGCCCAA 
GCTCACCGCC 
GGACACCGGC 
GGTGCTCGGC 
GCTGCTCGCC 
GCGCAGCCTC 
CCCGGACGGC 
GTTCTGCATC 
CGGCCCGGAG 
GCCGGAGAGC 
GCACGGCCCC 
CGCGGAGTTC 
GAACTGGCA6 
GTACCACGTC 
CGCCA6GGCC 
CCGGCTCACC 
GCCCGGCCCG 
GGTCACCGCC 
CGGCGAGCAC 



GTCGGCA6CC 
CTGCCCGACT 
AACGGCAAGC 
CGCGCCCCCA 
CGGCCGCTCG 
ACCCGGCTGA 
TTCGAGGCGC 
TCCTACGAGG 
CACCCCGGTG 
TACCCGCTGT 
ATCGAGGAGA 
TACCACCTGG 
CAGC6GC6C6 
GGGCTCACCC 
GGCCTGGTCG 
C6CGAGATCC 
ACGATCACCG 
ATCGACGGCG 
GATGCCTGGC 
GGCTCCATGC 



GGGGCACCGC 
ACATGCGGCC 
TCGACCGGGC 
GGAC6CC6CA 
TCGGTGTGGA 
TCGCCCGGCT 
CGACGCCGGG 
TGGTGCTGCC 
GCGGCATCAG 
ACGGCATCCA 
TGGCGGTGGA 
CCGGCTGGTC 
GCGAGCCGGT 
ACGAC6ACGT 
ACGACGGCAG 
TGCGCCGCCA 
AGATCTC66C 
ACCTGCTGCT 
GGCCGTACGT 
TGACCCG6CC 



CGC6CTGCTC 
CGCCGCAATC 
CGCCCTCCCG 
GGAGCAG6TG 
CCAGGACTTC 
GCGCGCCGCC 
CGGGATCGCC 
GCTGCGCGCC 
CTGGTCGTAC 
6GCGCGCAGC 
CTACGCCGAC 
GTTC6GCG6G 
GGCGCTGGTC 
CCCGGCCCCC 
CCACCGCAAC 
6G6CAGT6T6 
CAACAACACC 
GATCGCCGCC 
CTGCGGCGCG 
CG6CACCCTG 



ACCGCGCTGC 
GTCCCGCTCG 
GCACTCGACC 
GTCTGCGAGC 
TTCGACCTCG 
TTCGGCGTGG 
GCCCGGCTGG 
CAGGGCAGCA 
AGCGCGCTGA 
CT6GCCCGCC 
CAGATCCAGG 
CTGTGCGCCC 
GCGGTGCTCG 
GACGACCGGG 
GACCGCGAAG 
CTCGCCAACC 
CATCTGACCG 
TCGGAACAGC 
GTCGAGGCCC 
GCCGAGATCG 



0000002700 
0000002760 
0000002820 
0000002880 
0000002940 
0000003000 
0000003060 
0000003120 
0000003180 
0000003240 
0000003300 
0000003360 
0000003420 
0000003480 
0000003540 
0000003600 
0000003660 
0000003720 
0000003780 
0000003840 
0000003849 
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Figure 1: shows the schematic modular set-up of PPS and' the 
subdivision in functional domains. 

Figure 2: shows the modification of activation domains by 
5 insertion of a N-methyltransf erase domain. 

Figure 3: shows the sequence comparison of selected 
activation domains in the transition regions towards the 
methyltransf erase domains . 

10 

Figure 4 : shows - the starting plasmids used in the Examples. 

Figure 5: shows the introduction of an EcoRV restriction 
site into acmB, 

15 

Figure 6: shows the cloning of Clal-EcoRV cassettes for the 
construction of recombinant acmB genes. 



20 



Figure 7 : shows plasmids for the expression of recombinant 
PPS genes. 



fs-u £.E>rc.rQ £2 
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Claims : 

1. Method for the manufacture of a recombinant DNA 
encoding for a polypeptide synthetase (PPS) activation domain 
with N-methyltransf erase activity, wherein a first DNA 
fragment encoding for a domain with N-methyltransf erase 
activity is cloned into a second DNA fragment encoding for a 
PPS activation domain without N-methyltransf erase activity, 
and wherein the first and the second DNA fragment form a 
continuous reading frame. 

2 . Method for the manufacture of a recombinant DNA 
encoding for a PPS with N-methyltransf erase activity, wherein 
the first DNA fragment according to claim 1 is cloned into a 

15 second DNA fragment encoding for a PPS with an activation 

domain without N-methyltransf erase activity at the DNA region 
encoding for the activation domain without N- 
methyltransf erase activity, and wherein both DNA fragments 
form a continuous reading frame. 

20 

3 . Method for the manufacture of a recombinant DNA 
encoding for a PPS with N-methyltransf erase activity, wherein 
a DNA fragment of a PPS gene encoding for an activation 
domain without N-methyltransf erase activity is replaced by 

25 the recombinant DNA obtained according to claim 1 or by a DNA 
fragment, which is encoding for a natural activation domain 
with N-methyltransf erase activity, and wherein a continuous 
reading frame is obtained. 

30 4. Method according to any of claims 1-3, wherein the DNA 

fragment encoding for a domain with N-methyltransf erase 

activity is cloned between the DNA regions encoding for the 

adenylation domain and for the ACP-domain of the PPS 
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activation domain without N-methyltransf erase activity by 
means of a single fusion site. 

5. Method according to any of claims 1-3, wherein the |dnA 
5 fragment encoding for a domain with N-methyltransf erase 

activity is cloned by means of two fusion sites. 

6. Method according to any of claims 4 or 5, wherein the 
DNA fragment encoding for a domain with N-methyltransf erase 

10 activity is additionally encoding for an ACP domain, an 
activation domain or a condensation domain. 

7. DNA, obtainable according to the method of any of 
claims 1-6. 

15 

8. Cell, containing at least one DNA according to claim 

7 . 

9. Method for the manufacture of a PPS with N- 
20 methyltransf erase activity, wherein the DNA obtained 

according to the method of any of claims 2-6 encoding for a 
PPS with N-methyltransf erase activity is expressed, 

10. Method according to claim 9, wherein the PPS is 

25 encoded on a plasmid and the expression is carried out in a 
microorganism. 

11. PPS with N-methyltransf erase activity, obtainable 
according to the method of any of claims 9-10. 



30 



12. Use of the PPS according to claim 11 for the 
catalytic influence on an educt compound or a mixture 
thereof . 



25 



13. Product compound, obtainable by the catalytic 
influence of the PPS according to the use of claim 12 on an 
educt compound or a mixture thereof. 

14. Use of the product compound according to claim 13, to 
test for its pharmacological effectiveness. 

15. Use" of the DNA according to claim 7 for the 
manufacture of recombinant PKS genes or recombinant gene 
segments thereof . 
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Abbildung 1 : Modul emer PPS und Unterteiiung in funktionelle Domanen 

MODULE OF A PPS AND SUBDMSION INTO FUNCTIONAL DOMAINS 

A: Mnnmal-ModuleiiierPPS 



Kondanaalian ~ AHenyftenmg 



B: Modul iDitN-Methylti3 



A: MINIMAL MODULE OF A PPS 

1 ...CONDENSATION 

2..J\DENYLATION 

3...ACTIVATION DOMAIN 
B: MODULE WITH N-METHYL TRANSFERASE DOMAIN 

4...N-METHYL TRANSFERASE V 



(57) Abstract: The invention relates 
to a method of modifying peptide 
synthetases in such a manner that they 
can N-methylate their substrate amino 
acids, PPS are enzymes that synthesize 
peptides in a non-ribosomal manner PPS 
have a modular set-up. Each module has 
an activation domain which recognizes 
and covalently binds to the respective 
substrate amino acid. The peptide 
synthesis catalyzed by PPS proceeds by 
the condensation of the covalently bound 
substrate amino acids. A minor number of 
the known activation domains is capable 
of also N-methylating the bound substrate 
amino acids. The inventive method allows 
conversion of the activation domains 
without N*methyl transferase activity 
to activation domains with N-methyl 
transferase activity whUe maintaining the 
original substrate specificity. 



C. 



[Fortsetzung auf der nachsten Seite] 
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Figure 1 : Module of a PPS and subdivision into functional 
domains 



A: Minimal module of a PPS 



Condensation _ Adenylation 



Activation domain 



B: Module vvilhN-metiiyltrans&iase domain 



Condensation 



Adenylation 



N-methyltransferase 



Activatbn domain 



□LOO J„,a.2i: 
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Figure 2: Conversion of activation domains by inserting a 
N-methyltransferase domain 



Activation domain (1) withN-methybracsferase domain 



i 



Regions with N-methyltransferase 
domain from activation domain 
(1) for Inserting into activation 
domain (2) 



A: 
B: 



N-methyltransferas 



Ql 1^ N^ethyltran$1efas# 



D: Hi 



Activation domain (2) 



Adenylation 



A: 
B: 
C: 
D: 



Adenylation 



Adenylation 



Adenylation 



Adenylation 



i 




Recombinant activation domains with specificity of activation domain 
(2) and N-methyltranslerase acti\Aty 



•jL.oo.xe± J.; 
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Fig. 3: Sequence comparison of selected activation domains at the transition 
towards the N-methyitransferase domains 



Adenylation 



ACP 




SRT1_2 
3Rn_3 
SRT2_1 
SRr2_2 
SRr2_3 
SRF3_1 
TYCB_1 
TYCB_2 
TYCB_3 
mfCC_l 
TYCC_2 
TYCC_3 
TyCC_4 
TYCC_5 

nrcc 6 



BACC_1 
BKCC_2 
BACC_3 
BACC_4 
PP31_1 
PP3l_2 
PPS2_1 
PPS2_2 
PPS3_1 
PP33_2 
PP3 4_1 
PPS4_2 
PP8«_3 
LICA_1 
UCA_2 
UC&_3 
LICB_1 
MCB_2 
LICB_3 
X.ICC 1 



aVKIRaBKIKU3KIBJIQI.UitCXOVICXKVTIDK— 

gVXZItOXllXKMIBIKTLX.V]CHKKVKKSVIMW SDMNBOEAXiCMnrVPKKKVTVB — — KUIBXIAKBLPVXMVPAZIVBIBaHP 

riXAXMVTKOEVllVR- BUIAZIJUlDR-AMaPSYIVSX£MIP 

DXBsxiAXLLPsnaimrxoiAszv 

gVKVROXBIKIjGXZXKVIQOUDVSlWWLUt PDZQGiniBVCAXVVigKPGSZFIkP& OLREHMRQXfDnCVPAXrTEVmP 

gVKIRaaRIBLCniXHQLQTODRViaBSVVIAV tHSQAODKIXCAXrVOBGailSSg BlB&HAMCDXPAndnnACZJUniTEZJ 

gVKVIU»naBZAKIBVQLAQI.SBVODAXVTI!JIV ^KDKOaHTAXMXVTPBaADIE ^AU(SAIJCBT1.FDYMI PATflVTZ«BI.P 

QVKVROrtUBItQEIETKIiNUIVBHVTEAAVIIR KHKAD&NEICAYnADKBVAVS EUUtTI.SQSt,PDXMVPAHI.iaHDSU. 

QVKIRGnntIBPKEIETVUI.SZ.SaiQEAWIAV SR80LQEIXJ^yYTS0QDIEK& ELRYgi.SI.TI.PSHMIPAIXVQ(VDAIP 

QVKVRGYIlIEI.SEZEVQLAQI.SEVQDiAA.VTAV ECDKGGNTAZAAZVTPETADIE ^AUWTUCETLPDXMIPAIWTLIIELP 

QVKl:R6HRIBl^EEIERQI.QEypSVKDAVVVAD RHESGDA3rNAYI.VHRTQI.SAB — ———————————— OVKAHLKKQUAYMVPOTTTTLDELP 

QVKXRGHRZELGEZESRU2IHPAIKEAVVIOR ADETGGnEtn.CAYVVl.QKAI.3DE EMRAYIAQALPEXHI PSPFVTLERI P 

QIRVRBYRZBVI3BIEAVIJJIYDQ1KEAIWAT QDDRaDSYIAAYVTaKTAIEKS EZJUUI]:jL.REI.PAYHVPTYI.IQIX>ArP 

QVKIRaHRyEZ.aEVB3VUJUrDTVKZAAAITH EDDRGQAYLfAYYVAEGEATPA QUIAYMEMEI.PNZHVPAX'riQLEKMP 

QVKIRGHRIEMQEXETRLTQHEAVKEAWIVK KD£SG(9IVI.YAYI.VSEREI.TVA EIJVEn.aRTI.PSYHZP3rFIRIAEZP 

QVKIRQHRI£Z.aEIEATX.Z.QHEAVKAVVVMAR QPaKGQHSI.YAYWAEQDlgTA BLRTYI.SATLPAZMVPSAFVFI.EQI.P 

QVKVROYRIEiaEIESAiaJU^EKLTAAWWY EDQI.GQ3AIJUWYFTADEQLDVT KLHSHI.SKRI.PSYHZPAUrVQIJ}QI.P 

QVKlROYRXBI.GfEZETVI.SQQAQVKEAVVAVX EEAHGQKAI.CAYFVPEQAVDAA — BIREAUSXQZ.POYMVPAYYVaMBKI.P 

QVKZRaVRZEX.GBZETQLBXLDaiTEAWVAR ^EDROQEKELCAYWADHKIiOTA BUUUIIiXJCBI.PQ]UaZ PAXFVTUMkLiP 

aVXVRaYRIBZSBXBSAVIJUrQaXDOAVVVABD — ^DDATASSTXXaUtlVAACKVSVS '■ QIJSHIJkKgUAYMI PS YgV8UHH»P 

QVXZItGQInrKXAKVETHZJ^|gHPDI»■TZVVKAVKnDSSSTTVZl^TMUa»^ SIIiaU!HKOVZfBHSZPAnZSll»II.P 

gVKIRUKKVIdl9I3EZENTX.VSBQEITKASVZDY--'-TSPDGIiaflI,YAFVVABllAISQL--- — ——————— DVKBIXQatTIiPDYMZPAKFVQIKBZP 

QVIIZROyitISPaEZEHIIZ.ZJKXEKZEEAAVZAR EDGDHDPYIXATVTVKXSVEPB KZIIAnKXSX.SDYHXPQnrVQ12>SX.P 

gVKIRSYRISXrf3KVEQQIJ.THEKZKEMVZAO KDaNGII8TI.CATIASIWBZ.PAA DVBQnEI(EIIPDXMZP8TrVKZ<»a.P 

QVKIRSFRIEmBIESBTaMHTtniNETIVTVR EDBBSSPXICXrZTAlIKBZaZA BUC01XiQBKX.PDXMXPAXrVKMDXX.P 

QVRIRGXBZEIfiBXXHBUJHHiniXlilSAZWlUK KDOEHSKZIXXZIAPMNiamDIX- 

QVKZRSFRXETaBZBtKIXEKQNISBAWIISt BDKKBHKXI.CAXXVAltAXII!nM- 



ffVKIRGFRZBZiSBZENQZJJCZBOXDAAAVMAR ^EDQAGSKY1.CAXZVADXAA6VA 

QVKVROYRZBPEEXKllRI.UVHDDIKEAriAAR EDHKOAKQIXXAyFTADABLPrB 

QVKZRaYRIEPtmiBAALRSXEOVREAAVTVR TD- 3GEPEIX:AYVEaZ.QRN 

QVKIHOYRIETEEIESVULQTOLVHKAAVAVQ HDKMOQAOUlAYrVPSDVimi 

QVKIRGYRIELREIETVUlQAPaVKEAAVIAR DV3AEEKEI.VAY1VPEKGM3I.P 

QVKVRGHRZELaEIOAAUiQYPMZKEAAVXTR ADEQOQTAZYAYMVIKDQOAANIS 

QVKIROYRXEPCSKXEAAU^IEaVREAAVTVR TD-SGEPELCAYVEOLQIUa 

QVKVROYRVBLGBZETAIAQIDSVREAAVIJ^R TAQTG3KEI.rGYX 3VKAGTNAE 

QVKIROYRZEPQEIEVTUaNHPDXSEAAII.IW QDt^GEHEIXAYYCSVQJCLNTZ— — — —————————— — 

QVKZRGXBIBPGBZEAAXJISZEGVRBAAVTVR TD-S<aEPEI.CAYVEGIjQR-M 

QVKZBGZRVEXREXBSVXBCZKaVKnAAWMI ^VTASaafIXZ.SAXWTKPOZdTN 



OVBKCIJJEELFDTUVPSYFVXIXigLP 

DIRTYI.MHBI.PEYUIPSSrVQIBKHP 

EVRAQI.QRLI.PGYMVPAYMXEMEQWP 

AXRAAI.TKEI.PAYMIPAYI.XPI.VMHP 

DI.YQHIAaTI.PS YHt PAS X IMt SQMP 

DIRTY IiKIIAI.PDrMI.PARMZQZDSZP 

EVRAQLQRI.I.PGYMVPAYMXEMEQWP 

QVR3LLAR3I.PNYMZPAYZIEMET1.P 

DLRSYMASELPEYMZPAKlrrHVDSIP 

EVRAQLB»I.LPaYUVPAYMXBUBQHP 

AVRSEXKINKZiPVniHPAlXEKZDS LP 

aLItBIlZ>8BaZ«nUZPSHTVBU>BIP 



QfVKVItOSBIBLGEVBAIUJUaSOiaSAAAVIR BHHAaBHEZCAYyAaMlPAA- 



SLKRKXAQTICOTHVPSPHVQIJCELP 

QIJlTBXdIlSLSBnaPABI.IBU>SMP 



QVKIRaFRXEI.3EIEVQLAR1.3EVQEAWTOI- 

•UOtCQGnnEEAWZAX K 



-SUUtXXAOnpDXMVPSIHVSQLnELP 



siiBc_i qvKmonixgi;.GEZBMvzArapgvaioAAAVva — BDSHavuEOJUurAVPTparBPOVA 

SNBD^l <|VKIBai«ZBPaBJmMU.10LPAV3UUUWVVR EinpaDICRX.VATAVPAaB<niliAA 

3NBD_3 QVKZRGFRVEPSEVBAALTAHPRZTQAAVIAB aD-RI.VAXWTTADJa>LT 

SMED_« aVKIROrRXEPGEZETAXJUUIPDVTRAAWAR PGHAGDKVI.VAYl.VTAPDAaDTTMI 

SNBC_2 QVKVRQrRIEI.OEIESVI.aAHPOIAQaAVl.VR EDRPGDKRLVAXWPAPOATADAT 

ACMB_1 QVKVROrRIEI.OBVEAALLAHPDVE0ATVIVR EDRPODTRLVAYWOBEAOIPE 

ACMB_2 aVKVRQrRIElPaEIENVI.TGHPAVAQAAII.VR EDQPaRPRI.VAYWADGGTAPD 

ACMC_1 QVKVRGrRIEPGEIEKVLTDHPDXAQAAWTR PHRP(roTRI.VAYWGRBALRPE 

ACMC_2 QVKVRGFRXEPGBXEKVI.TDUPDXAQAAVWR EDQPOTARI.VAYVVTGGSADARDE 

ACMC_3 QVKVROFRXBPOEXEHVLTDHPAVAQAAVHLN RDQPGNPRL,VAYVVADTSAPS SD 

SNBD_2 gYKIROFRIEPGEIETVLTAHPAVAAOAVXAR EOTPGDKQI.VAYt.TRDTTHHAAPDQ— 

QVKVRaHRIBLAEVBHAI.I.3SA(3VIIDAVVVSHSO-EDKQO-VEMVArZTAQDMBTLQB 

g!VKXRGHRZKPASVBYAXtLSHDI.Va!DAKVVTH SQERf^LEtfVOIVAAByAOVBB 

QXKIBOHRXBPAEVBgAFLHOQPVBOVAXVZR TPENQBPEHVArVTMCCBniSARX 



-6fniAX.IAOaLPABSLPA3ITXJJIALP 



-GVnEHLAARI.PDnfVPTAYVRXJEAI.P 



CYSA_2 
CTSA_3 
CYaA_4 
CYaA_5 
CYSA_7 

cYaA_e 

CT3A_10 
ESYH 2 



gVKIBGHRIEPABVBIIAUtQBDLVHnAAWLR XPASQEPBMZAnTSQEDBTZKQ— 

aVKZRaiIRVBPAEVBaMa.aHXAZIIDAAVWQ ^AVDaQETraiZorVSUASDRFSBaB 

QZKZRSHRZEPAEVBOAXJ^SS ZNDAWVaA QHKBinXIfVaZITTQAAQSVDK- • 



aVEQDQLDEHQDI.YDSV 
VDQQHQXQEHQDLYDSL 
DLOTOQVDRHQQTYOSL 
AQ3 SNQVQBWE3BFBTT 
DESSHQVQEirOTHl'USZ 



TM-PAAGRGTSALLT 
TN-PVOSROXAALLT 
AtlDPARAEODAALVa 
THRPLQRVESBRXBA 
THHPLHRAQSRRVER 
•IHQPLLPAQSBZIABI. 



— QLRAai^TQLPDYMVPAATVALPALP 
— VLRRHVAAAU>DYHVPAAIVFLDAU? 
— QVREFTRERI.PKHMVPAAVVQI.ERI.P 

GLREAIJUUU.PEYMVPSAVWLDRI.P 

— QVRErTRERI.PEHHVPAAWQI.ERI.P 
— TIAEHARTH1.PDYISQPSALVPLDRI.P 

ALREHAAAQLPDYMRPAAXVPLDRLP 

LRDLVAQRLPAHMAPAAYVUDRI.P 

gVREgLgVI.I.PAXMIPARIWl<2NHP 

-QZBERZiQTUf AXMZ PAaXHVX.DKLP 
-LZBEaUlTLX.PPnaPSaiTLICHRUP 
-QZEIBXLQTLl.PPXHZPSRZllVU>aHP 

gVRALeTAIiPAZllZPSRZ XVX.PaUP 

-QIREQLQTia.PPYMVP3RIVVl.ERMP 
-XVBSRLQSLUPnaPSRITLZiDCIUP 
.gVREKLQVLVPSYHVPPNZWLDTUP 



core motif 5 N-methyltransf erase domains consensus sequence 

at the transition: 

Part of the sequence at the 
N-terrainal and C-terminal ends 

of the domains) QIRExVxxxLPxYMVP 

EV L I 
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CYS 


A 






Cyclosporine Synthetase from Tolypocladium niveum 

\ LA £^ vj ^ yj ^ f 


GRS 


A, 


B 




vJ _L d I Ll _L, — _l_ _1_ 1 1 oyilv^l 1^ U- CL O -1- ^ -l~ ^ J l_ Will i-J CL J_ _L ^ U O J>^ X. ^7 V _L. O 

( P14687 /P14688) 


ACM 


B, 


C 




Actinomycin Synthetase II, III from Streptomyces 

h T' \7 *=; r^m ;^ T 1 n f A]^'n4'7'71 7 ;^'nfS Pi i~ +" r^V^f^^r^ c;£:irTii<=^r^r^^ 

^ J. 1J_ ^ O 'v.^illCl J L Li. O \J '"i 1 1 jL 1 ClUvJ. CI l_. CI 1 1 V_l O V-J H vZ; i C 


BAG 


A, 


B, 


C 


Bacitracin Synthetase A,B,C from Bacillus 

-L-LL^ilC^ilJLJ- J-llLJ- O \ c\lL \J\J f \J \J ^ / 


TYC^ 


A, 


B 


c 


Tvropidin Svnthetase I. 11, III from Bacillii*=3 br^vi*^ 
(AF004835) 


Lie 


A, 


B, 


c 


Lichenysin Synthetase A;.B,C from Bacillus 
licheniformis (U9537 0) 


ESYN 






Enniatin Synthetase from Fusarium scirpi (Z18755: 










Update year 2000) 


SNB 


c. 


D 




Pristinamycin I Synthetase C^D from Streptomyces 
prist inaespiralis (Q54 95 9, X98 690) 


SRF 


1. 


2, 


3 


Surfactin Synthetase 1,2,3 from Bacillus subtilis 
(P27206,Q04 747,0087 87) 


PPS 


1, 


2, 


3,4 


Fengycin Synthetase 1,2,3,4 from Bacillus subtilis 



(Z34883) 

The index following the name designates the number of the 
activation domain within the corresponding PPS (started from the 
N-terminus) . The data base numbers of the sequences in ^'GenBank" 
or ^^SwissProt" are given in parenthesis. 
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Figure 4: Starting plasm ids for tlie construction 
according to tiie Examples 




Clal PstI 
mdrHAdenyl"Mco"<'-l|Adenyl JH^i | I j 



SphI BglU 
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Figure 5: Introduction of an Eco/?V restriction site into acmB 



PCR'fragment 2 p .j 

(PCRprimC + D) EcoRV » BamHI 



acmB 




EcoRV ^^f^ BamHI 



HindlU 



A 



Clal EcoRV 
Clal 

Mcond.H\de^;;^nMcond. J ( in pSP72 ) 



PCR-Jragment I 
(PCRprimA + B) 



PstI 



PstJ ' Cial EcoRV 

B Mcond-tfyd^mfTM Cond."ilAdenyL (inpSP72) 
P^i 



BamHI 



P-mel 
PstI 



Clal EcoRV 



- M&^iiZkdenvL Mcond. I^denyl M ( in pBlueScript ) 
\^ P-mel I 



PstI 



Clal EcoRV ^fsamHI 



'sti uiai ncoAy \ j 



P-mel 



HindlU 



pACM 00-A 



pSP72 1 



j..-0i'O ji. ia ± ± s J Jir ir.i!S-'jP! 
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Figure 6: Cloning of Clal-EcoRV casseites for the construction of 
recombinant acmB genes 



Clal 



EcoRV 



PCR-fragment 4 
(PCRprimE + F) 



acmB 



Activation domains: 

Threonine Valine 

I 1 I 1 

Clal EcoRV 



t 



BamHI 



BamHI 

acmC Jragment 



PCR-fragment I 
(PCRprimG+H) 

PCR'fragment 2 
(PCRpriml + J) 



Clal SnaBI 
I jAdenyl] ! 



SnaBI 



Hindm 



EcoRV 



i 



Clal ^''''^1 EcoRV 

kdenyl M ( in pBlueScript ) 



EcoRV EcoRV 



PCR-fragment 3 
(PCRpHmK+L) 



B 




.1.00 j„a3„ .1 
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Figure 7: Plasmids for expression of the recombinant PPS genes 



Activation domains: 



Tlireonine Valine 
I 1 I 1 



PstI 



Clal 



EcoRV PstI 




HindUI 
PstI 



Activation domains: 



Threonine 

1 1 I — 

PstI ^^^^ 



Valine 



EcoRV p^fj 



P-mel 




Hind III 
PstI 



c 



0/018113 "^i^/^sMf^ 

JC13 Rec-d PGT/PTO 14-DEC-2001 



1 

SEQUENZPROTOKOLL 

<110> Keller Dr., Ullrich 

<120> Verfahren zur Veraenderung von Peptidsynthetasen in der 
Weise, dass sie ihre Substrataminosaeuren N-methylieren 
koennen 

<130> KeActinoPatl 

<140> PCT/DEOO/01950 
<141> 2000-06-15 

<150> DE-19928313. 3-41 
<151> 1999-06-16 

<160> 1 

<170> Patentin Ver, 2,1 



<210> 1 
<211> 3849 
<212> DNA 

<213> Streptomyces chrysomallus 
<220> 

<221> misc_f eature 
<222> (1) , - (3849) 



<400> 1 

ggatccacct 

tcctcacccc 

tgcccgacgc 

ccgccctggt 

acctcgccca 

tccaacgctc 

acatccccct 

gcaccaaact 

accccgccga 

ccgacgacgc 

tcgccaccca 

accgccgcgt 

tccccctcct 

cctaccaccg 

tcaacctcct 

gcggcgaggc 

ccgtggtcga 

ccacccccta 

cctacgtgct 

tcgctggcag 

tcgtcgccaa 

gctggaaccc 

gcggcttccg 

cccaggccgc 

tcgtcgcgga 

ggcaggacct 

ccggctggaa 

gcgacgccac 

tcggcacggg 

acctctcgcc 

cccggcgggt 

acttcgacac 

cccaggtcat 



gctcgacacc gccaccgccc aacccgagca gcccctcagc cgcatcgacg 50 
ggaggagagg aaccgcacga tcgtcgaggt caaccggacc gaactgccgc 12 0 
ctcgttggcg gagctgttcg aacaacaggt gaccctcaca cccgacgccc 18 0 
cagcgacggc gccacgctca gctactccga gctcaacacg cgcgccaacc 24 0 
ccagctcacc acccggggca tccgccccgg cgacgccgtc gccgtcctcc 300 
ccccgacacc gtcaccaccg tcctcgccct cgccaagacc ggcgcgacct 360 
cgacagccgc taccccgccg accgctaccg cctcgtcctc gacgagaccc 420 
cctcatcacc gaccacacca ccgacctcga caccaccaca acccagttca 480 
caccccccac gacggcgaag accccggcaa cccgaaccac accacccacc 540 
cgcctacatc atgtacacca gcggctccac cggccgcccc aagggcgtca 600 
ccgcaacatc accgccctcg ccctcgaccc ccgcttcgac cacELCcgcac 660 
cctcctccac tcccccaccg ccttcgacgc ctccacctac gagatctggg 72 0 
caacggcaac accgtcgtcc tcgcccccac cggcgacctc gacgtccaca 780 
cgtcatcacc gaccagcaga tcaccgccct ctggctgacc agctgggtct 84 0 
caccgagcag agcccggaga ccttcacccg ggtccggcag atctggaccg 900 
cgtctccggc gccaccgtca cccggcttca gcaggcatgc cccgacacca 960 
cggctacggc cccaccgaga ccaccacctt cgccacccac caccccgtcc 1020 
caccggctcc gccgtcgtcc ccatcggccg ccccatggcc accatgcaca 1080 
cgacgacagc ctccagcccg tcgcccccgg cgtcaccggc gagctctacc 1140 
cggcctcgcc cgcggctacc tggaccgccc cgccctcacc gccgaacgct 1200 
cccgtacgcc gcacccggag aacgcatgta ccgcaccggc gacct^gcac 12 60 
cgacgaccac ctcgagtacg ccggccgcgc cgaccaccag gtcaaggtcc 1320 
catcgaaccc ggcgagatcg agaacgtcct caccgaccat cccgccgtcg 1380 
cgtccacctc aaccgggacc agcccggcaa cccccggctc gtcgcgtacg 144 0 
cacctcggcg ccgagcagcg atgtggacca gcagcaccag atcggcgagt 1500 
ctacgactcc ctctacgcgg cccccacggc cgagttcggc gaggacttct 1560 
cagcagctac gacggccggc cgatccccct cgaccagatg cgggagtggc 1620 
cg^ggB-Sicgc atccgcggcc tcaacccgcg ccgggtgctg gagatcggcg 1680 
cctgctgctc gcgaagctgg cccccgagtg cgaggagtac tggggcacgg 1740 
caccgtgatc gaggcgctct cccggcacgt cgacgccgac ccggagctgg 1800 
caccctgcgg gccggtgccg cgcacgagca cgaggggctg cccgtcggcc 1860 
cgtcgtgctc aactccgtgg tccagtactt cccgaacgcc gactacctcg 1920 
cgagcaggcg ctgcggctgc tggcccccgg cggcgccgtg ttcatcggcg 1980 
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acatccgcaa cccgcggctg ctgcgcacct tcaccaccgc cgtccagacc gcccgcgcgg 2040 
aggacccggc cgacaccgcc gccgtgcggc gcgccgtcga gcagagcctg gtgctggaga 2100 
aggaactcct ggtcgacccg gagtacttca ccgcgctcac ccaccgccfcc ccggacctcg 2160 
ccggcgtcga cctgcggctc aagtgcggcg ccgcccacaa cgagttgacc cgctaccgct 222 0 
acgacaccac gctccacaag gccggaatca ccgcgctccc gctgtccgag gccgccgtcc 2280 
tggcctggcc gcaggacgcc gaggcactcg cccggcacct ggccgaggcc cggccggagc 234 0 
ggctgcgcgt caccggcgcg cccaactccc ggatagccgc cgacctcgcg gcccagcacg 2400 
ccctggagtc cggcaccgcc ccggccgggc ccccgaccgg gccctacgcc acggagcagc 2460 
cggacctcga ggcactccac cgcctcgggg aggaccacgg gtactggacg gccgtcacct 2520 
ggtccgccca ccgccccgac accgtcgacc tcaccttcgt ccggcgcggc ctgctcgacg 2580 
gcgccgtccc ggtcggtacg tacgccccgg cggccgccgg cgacccggcg acgccgctca 264 0 
ccgccttcac caccaacccc gtcggcagcc ggggcaccgc cgcgctgctc accgcgctgc 27 00 
gcgaacacgc cgccgcccaa ctgcccgact acatgcggcc cgccgcaatc gtcccgctcg 27 60 
accgcctgcc gctcaccgcc aacggcaagc tcgaccgggc cgccctcccg gcactcgacc 2820 
cggagcacgc ggacaccggc cgcgccccca ggacgccgca ggagcaggtg gtctgcgagc 28 80 
tgttcgcgga ggtgctcggc cggccgctcg tcggtgtgga ccaggacttc ttcgacctcg 2940 
gcgggcactc gctgctcgcc acccggctga tcgcccggct gcgcgccgcc ttcggcgtgg 3000 
aactgggcct gcgcagcctc ttcgaggcgc cgacgccggg cgggatcgcc gcccggctgg 3060 
acctcgacga cccggacggc tcctacgagg tggtgctgcc gctgcgcgcc cagggcagca 3120 
ggccgccgct gttctgcatc caccccggtg gcggcatcag ctggtcgtac agcgcgctga 318 0 
tcaagcacct cggcccggag tacccgctgt acggcatcca ggcgcgcagc ctggcccgcc 324 0 
cggagccgcg gccggagagc atcgaggaga tggcggtgga ctacgccgac cagatccagg 3300 
gcgtgcagcc gcacggcccc taccacctgg ccggctggtc gttcggcggg ctgtgcgccc 3360 
atgccctggc cgcggagttc cagcggcgcg gcgagccggt ggcgctggtc gcggtgctcg 3420 
atgtgatccc gaactggcag gggctcaccc acgacgacgt cccggccccc gacgaccggg 3480 
tgatgctgct gtaccacgtc ggcctggtcg acgacggcag ccaccgcaac gaccgcgaag 354 0 
agctgacctt cgccagggcc cgcgagatcc tgcgccgcca gggcagtgtg ctcgccaacc 3 600 
tggaggagga ccggctcacc acgatcaccg agatctcggc caacaacacc catctgaccg 3660 
tcgactacca gcccggcccg atcgacggcg acctgctgct gatcgccgcc tcggaacagc 3720 
aggacccgcc ggtcaccgcc gatgcctggc ggccgtacgt ctgcggcgcg gtcgaggccc 3780 
acgtggtgcc cggcgagcac ggctccatgc tgacccggcc cggcaccctg gccgagatcg 3840 
gccggatcc 3849 
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